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It is generaily believed that the alterations in 
total body oxygen consumption which accompany 
functional disturbances of the thyroid gland reflect 
widespread metabolic changes in all cells and tis- 
sues (1, 2). Numerous studies have identified 
some of the tissues that participate in the over-all 
disturbance of metabolic rate. For example, in 
vitro, kidney, liver, heart, and skeletal muscle tis- 
sues of animals previously treated with thyroid 
substance or thyroxine display increased oxygen 
consumption (3-7), whereas kidney, liver and 
muscle of thyroidectomized animals show lower 
than normal oxygen consumptions ( 5 ,  8). In 
man, Myers, using the bromsulphalein method, 
found the splanchnic oxygen consumption in hy- 
perthyroidism to be elevated out of proportion to 
the total body metabolic rate, although the splanch- 
nic blood flow remained essentially unchanged (9) .  

In the case of the metabolic rate of the brain, 
in vitro studies have yielded controversial results. 
Cohen and Gerard (10) have found considerably 
higher than normal rates of oxygen consumption 
in minced brain tissue of rats made hyperthyroid by 
the administration of thyroid substance. Similar 
results have been obtained by MacLeod and Reiss 
(11) who administered thyrotropic hormone fol- 
lowing hypophysectomy. On the other hand, no 
such increases were found by Spirtes (12) or by 
Gordon and Heming ( 6 ) ,  and Fazekas and associ- 
ates (13) could find no difference from normal in 
the cortical oxygen consumption of both hyper- 
thyroid and hypothyroid rats. 

Studies of the effect of desiccated thyroid sub- 
stance on the cerebral metabolic rate of human sub- 
jects suffering from cretinism were made by Him- 
wich and co-workers (14). Using the thermoelec- 

1 This investigation was supported in part by a research 
grant from the Division of Research Grants and Fellow- 
ships of the National Institutes of Health, United States 
Public Health Service. 

tric flow recorder and cerebral arterio-venous oxy- 
gen differences, they found marked increases in 
cerebral blood flow and cerebral oxygen consump- 
tion following thyroid administration. Only rela- 
tive changes could be measured by this method, 
however. By means of the nitrous oxide method, 
quantitative determinations of cerebral blood flow 
and oxygen consumption in patients with hyper- 
thyroidism have failed to demonstrate any signifi- 
cant differences from normal young men (15-17). 
On the other hand, in myxedema, a markedly re- 
duced cerebral blood flow and metabolism and an 
elevated cerebral vascular resistance have been 
reported by Scheinberg and associates (18). Re- 
cently, Madison, Sensenbach and Ochs (19) have 
reported the results of a similar study on four hy- 
perthyroid and four inyxedematous subjects, the 
latter studied both before and after therapy. Us- 
ing as normal controls the values obtained when the 
myxedematous subjects were made euthyroid by 
treatment, they failed to find in untreated myx- 
edema the decrease in cerebral metabolic rate de- 
scribed by Scheinberg, although the circulatory 
findings were essentially the same. In  their hy- 
perthyroid group, however, in contrast to the pre- 
vious studies of Sokoloff and his coworkers (15, 
16) and Scheinberg ( 17), Madison and coworkers 
(19) found the cerebral blood flow to be signifi- 
cantly elevated compared to that in treated myx- 
edema whereas cerebral oxygen consumption was 
normal. 

In  view of the discrepancies in the previous 
studies of cerebral blood flow and metabolism in 
hyperthyroidism, it was felt that further investi- 
gation was indicated. This ‘paper presents the 
results obtained in a larger group of hyperthyroid 
patients than previously reported. Repeated stud- 
ies in the same patients when they were in the 
euthyroid state following therapy served as con- 
trols. This provides not only a more valid basis 
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for comparison than that hitherto employed but 
also provides information on the effect of therapy 
on the blood, flow and metabolism of the brain 
in hyperthyroidism. Moreover, data on blood pH, 
carbon dioxide content, carbon dioxide tension, and 
hemoglobin concentration are presented because 
of the known effect of these blood constituents on 
cerebral blood flow (20). 

METHOD 

The cerebral blood flow (CBF) of eleven untreated 
patients with hyperthyroidism, whose ages varied from 
21 to 58, was determined by means of the method of Kety 
and Schmidt (21). The same studies were repeated on 
seven patients when they were considered to be euthyroid 
following medical or surgical treatment. Diagnosis was 
based on clinical history, physical examination, basal 
metabolic rate, the level of protein-bound iodine in the 
serum, and in some cases, the rate of I”’ uptake by the 
thyroid gland. Mean arterial blood pressure (MABP) 
was measured with a damped mercury manometer con- 
nected to the femoral arterial needle. Blood oxygen and 
carbon dioxide contents were determined by the mano- 
metric method of Van Slyke and Neil1 (22). Arterial 
hemoglobin concentration was measured in the Evelyn 
photometer according to the modification of the method 
of Evelyn and Malloy (23). Blood pH was measured 
anaerobically a t  room temperature by means of the glass 
electrode and potentiometer and was corrected to 37” C., 
according to the factors of Rosenthal (24). Calculations 
of the cerebral oxygen consumption (CMRoJ, cerebral 
vascular resistance (CVR) , and cerebral respiratory quo- 
tient (RQ)  were made as described previously (21). 
Blood carbon dioxide tension (pC0,) was computed by 
means of the nomograms of Peters and Van Slyke ( 2 5 ) .  

Each patient was in the basal state at the time of the 
study. Immediately following the procedure for cerebral 
blood flow determination, the total body metabolic rate 
was measured with a clinical Benedict-Roth metabolism 
recording apparatus. The basal metabolic rate determi- 
nation was performed after the blood flow procedure so 
as to take into account a t  least some of the effects of ex- 
citement associated with the latter measurement, thus 
permitting a more valid comparison between cerebral and 
total body metabolic rates. 

RESULTS 

The data are presented in Tables I and 11. In- 
cluded for comparison are the results obtained in 
11 normal young men, similarly studied by the 
same group of investigators over approximately 
the same period of time. No significant difference 
from the normal values previously reported by 
Kety and Schmidt (21) were found in the normal 
group. Values obtained by Fazekas and his associ- 

ates (26) in a normal group whose age more 
closely approximated that of our patients, are also 
presented in Table I. 

In  the seven patients studied before and after 
treatment, the marked fall in basal metabolic rate 
from + 57 per cent to + 7 per cent (p < 0.01) 
following therapy was not accompanied by any 
significant change in CMRo,. Also, the mean 
value for CMRo, of 3.5 cc. 0, per 100 g .  per 
minute in the untreated group did not differ sig- 
nificantly from that of the normal young men and 
was identical to the value obtained by Fazekas and 
his coworkers, in a normal group of comparable age 
(26). There was no significant correlation be- 
tween basal metabolic rate and cerebral oxygen 
consumption in both the treated and untreated 
groups (r = - 0.06, p > 0.1 ; r = - 0.18, p > 0.1 
respectively). The mean cerebral blood flow of 
69.0 cc. of blood per 100 g .  per minute in untreated 
hyperthyroidism significantly exceeded the value 
of 54.2 in Fazekas’ group (26) and the value of 
54.8 obtained in the normal young men (p < 
0.05). Following treatment, cerebral blood flow 
decreased to 60 cc. per 100 g .  per minute. This 
value did not differ significantly from the cerebral 
blood flow values obtained before therapy, in the 
normal young men, or in the comparable age group 
described by Fazekas, Alman, and Bessman (26). 
The high mean values for mean arterial blood 
pressure, 104 mm. Hg, agreed closely with the 
value of 112 mm. Hg obtained by Fazekas in his 
group of normal subjects of comparable age (26). 
On the other hand, the cerebral vascular resistance 
before treatment was 1.63 mm. Hg per cc. per 100 
g. per minute, a normal value for normal young 
men but significantly decreased for this age group 
(p  < 0.05) (26). This can be attributed to the 
anemia indicated by the low hemoglobin concen- 
tration of 11.35 g .  per cent. That cerebral vascu- 
lar resistance and hemoglobin concentration are 
interrelated in hyperthyroidism is suggested by the 
significant correlation between these 2) factors ( r  = 
+ 0.68; p < 0.02). Treatment was not accom- 
panied by any significant change in mean arterial 
blood pressure, cerebral vascular resistance or he- 
moglobin concentration. Arterial and cerebral ve- 
nous oxygen contents were significantly lower 
than normal both before and after treatment ( p  < 
0.001) as a result of the low hemoglobin concen- 
trations. Arterial and cerebral venous pH, CO, 



TABLE I 

C E R E B R A L  C I R C U L A T I O N  A N D  X E T A B O L I S X  IN B Y P E R T E Y R D I D I S N  B E F O R E  A N D  A F T E R  T R E A T X E N T  

n. L. 
A.H. 
B.T. 
B.D. 

B.K. 
I.H. 
K.B. 
D.U. 
H.J. 
B.P. 
HBAN 
S.B. 

B.n. 

P* 

44 
23 
45 
21 
49 
58 
42 
52 
49 
36 
24 
40.3 
f 3.8 

F 
P 
F 
P 
F 
F 
P 

P 
P 
P 

n 

E. H. R. 

I I1  
--- t57z 

t51z 

+12% 
+30% +28% 
t65Z ,1511 
,691 +28% 
+49% +25% 
+88% - 61 
,461 -35% 
,511 - 6% 
+52.3% + 7% 
f 6.0 f8.95 

--- --- 
+57z --- 

KO.01 

MABP CBP CVR 
cc/lOOg/min. mm. Hg/cc/iOOglmin. mm. Hg 

Hyperthyroidism - 

I I1 
108 ----- 
102 ----- 
135 _ _ _ _ _  
101 ----- 
92 134 
97 122 
77 99 
102 120 
108 120 
142 122 
79 93 
103.9 115.7 
f6.0 f5.95 
70.05 

11 cases beiore treai 

I I 1  
- _ _  62 

83 
82 
79 
50 55 
66 62 
98 81 
36 34 
63 64 
59 60 
79 44 
69.0 60.0 
i5.2 i6.7 

--_ 
--- - _ _  

>0.5 

:men( and 7 cases after treatment. 

I I 1  I I1 
1.7 --- 4.51 ---- 
1.4 --- 4.55 ---- 
1.6 --- 5.93 ---- 
1.3 --- 4.86 ---- 
1.8 2.4 5.54 5.67 
1.5 1.5 4.24 4.95 
0.8 1.2 4.14 4.13 
2.7 3.5 7.97 6.05 
1.7 1.9 4.87 3.68 
2.4 2.0 6.18 6.13 
1.0 2.1 5.10 6.37 
1.63 2.09 5.26 5.28 
i0.17 tn.28 i0.34 i0.40 

>0.05 >0.7 

I 11 
2 . 8  --- 
3.8 --- 
4.9 --- 
3.8 --- 
2.8 3.1 
2.8 4.1 
4.0 3.3 
3.0 2.1 
3.1 2.4 
3.6 3.7 
4.0 2.8 
3.51 3.07 
f0.20 f0.27 

>0.4 

Cerebral 
RQ 

I 
0.80 
0.81. 
0.97 
0.87 
0.83 
0.86 
1.00 
0.81 
0.82 
1.05 
0.86 
0.89 
f0.02 

<O 

--- --- 
0.93 
0.94 
1.04 
0.94 
1.01 
1.04 
0.93 
0.98 
f0.02 

-05 

Normal P o n n g  Hales - 11 Cases 
86.5 ----- 54.8 --- 1.68 --- 6.25 ---- 3.34 --- 0.92 --- 
fl,7 ----- f4.3 --- i0.13 --- i0.40 ---- f0.23 --- f0.03 --- _-__ ---- <0.02 ----- ~0.05 --- >0.8 --- >0.05 ---- >0.5 --- X l . 7  --- 

---- ---- WBAN 21.8 - 
S.B. f0.6 - ---- ---- 
p, <0.001 - 

Normals of Comparable Age - 9 Cases (Fazekas, et a 1  (261) 

--- ---- ---- 111.6 ----- 54.2 --- 2.08 --- ---- ---- 3.49 --- ---- 
---- ---- f0.14 --- --__ ---- ---- i5.8 ----- *2.8 --- f 0.11 --- -___ ---- >0.3 ----- <0.05 --- < 0 . 0 5  --- __-- ---- >o.g .--- ---- --- 

MEAN 35 
S.B. f 2.2 - --- 
Pt >0.2 - 

I = Untreated Hyperthyroidism. 

*Determined from the f value obtained by dividing the mean of the individnal changes following therapy by its standard error. 
+Determined from the 1 valne obtained by dividing the difference between the means in untreated hyperthyroidism and in normal young nen by t h e  

IDeternined from tbe 1 value obtained by dividing the difference between the means in ontreated hyperthyroidism and in nOt.61 subjects of 

11 = Treated Hyperthyroidism. 

standard error of the difference between these means. 

co=psfhble age bT the standard error of the difference between these means. 

c1 m w m m w 
$ 



Subj. 

w. L. 
A.R. 
B.T.  
B.D. 
B.N.  
B.V. 
11.11. 
V.B. 
D.V. 
R.3. 
B. P. 
NffliN 
S;B. 
P 

IEL# 
S.E. 
F '  

TABLE IX 

B L O O D  C 0 , V S T I T U E X T S  IN E Y P E R T E Y R O I D I S X  B E F O R B  A N D  A F T E R  T R E A T X E N T  

Hemon lob i n  Blood 02 Content Blood C02 Content Blood pH 
Concentrat ion V O l .  % vol. I 

Grams 1 A r t e r i a l  l n t .  J u e u l a r  A r t e r i a l  Int. Jnnnlar  A r t e r i a l  I n t .  Jncnlar 

I I1 
11.31 ----- 
0.00 ----- 
13.27 ----- 
12.00 ----- 
11.31 14.34 
10.23 14.25 
10.07 12.50 
14.24 13.65 
10.00 10.80 
12.72 10.80 
10.64 11.22 
11.35 12.51 
t o m  t0.60 

>n.i 

I 
14.64 
11.89 
17.59 
15.97 
15.34 
13.66 
13.88 
19.46 
12.60 
16.41 
13.88 
15.03 
fO. 67 

> o  

----- 
17.50 
17.49 
15.53 
18.15 
14.02 
14.67 
16.10 
16.21 
f0.59 

1 

Hyoerthvroidism 

r I 1  
10.13 ----- 
7.34 ----- 
11.66 ----- 
11.11 ----- 
Y.80 11.83 
9.42 12.54 
9.74 11.20 
11.49 12.10 
7.73 10.34 
10.23 8.54 
8.78 9.73 
9.77 10.90 
t0.42 i0.61 

> 0.05 

- 11 c n s e s  be fore  treatment and 7 c a s e s  a f t e r  

I I1 I I 1  I I 1  
48.54 ----- 52.13 ----- 7.37 ---- 
51.55 ----- 55.24 ----- 7.41 ---- 
52.49 ----- 58.25 ----- 7.44 ---- 
50.16 ----- 54.36 ----- 7.43 ---- 
52.03 50.38 55.66 55.01 7.41 7.34 
51.30 47.94 55.46 52.26 7.39 7.35 
40.79 46.26 48.07 31.73 7.43 7.43 
57.11 58.52 61.12 62.22 7.38 7.32 

44.64 36.71 49.00 42.65 7.40 7.38 
49.21 48.31 53.91 53.42 7.40 7.37 
f1.38 f2.44 f1.17 f2.21 tO.O1 fO.O1 

> 0.9 > 0.4 > 0.1 

4 8 . 3 7  50.03 52.89 55.27 7.36 7.40 

4 4 . 3 1  48.36 50.78 54.74 7.40 7.38 

treatment.  

I I1 
7.32 ---- 
7.39 ---- 
7.39 ---- 
7.41 ---- 
7.29 7.33 
7.36 7.28 
7.34 7.30 
7.36 7.37 
7.34 7.29 
7.36 7.34 
7.32 7.34 
7.35 7.32 
fO.O1 fO.O1 

> 0.3 

Normal Tonnn Kales - 11 Cases 

14.57 ----- 19.44 ----- 13.20 ----- 47.45 ----- 53.11 ----- 7.39 ---- 7.34 ---- 
tO.O1 ---- f0.01 ---- t O . 5 0  ----- f0.49 ----- f0.53 ----- iO.73 ----- tO.60 ----- 

<o.@c1 _ _ _ _ _  <0.001 - _ _ _ _  < o * O l ) 1  ----- m.2 ----- ,0.5 ----- >0.4 ---- +@.+ --- 
I = Cntreared Hyuerthyroidism. 

1; - Treated t iypertkyroi i i isn.  
Determined f roa  the f. v a i n e  obta ined  by d i r l d l r e  
t h e  mea3 ef t b e  i n d i v i d n a l  chsnges  folloxiri 
therapy b y  its s t sndard  error .  

- erreen  t h e  means i t  antreated  b ~ p 6 t t h ~ t O i d f S 1 ~  csd :D 113t.6: 
, L B ~ P  men b y  t k e  standard e r r o r  a t  t h e  difiarerce t . c t d e t Z  
t h e s e  aeans. 

+betermiaed from the 3. v a l s e  obta faed  C y  d i r l d i a l  i l c  oiifarence 

Blood C02 Tension 
ma. HP 

Arterial 1.t. J8Rul.r 

I I1 I XI 
42 -- 50 -- 
40 -- 45 -- 
40 -- 50 -- 
40 -- 43 -- 
42 43 56 52 
40 49 48 60 
42 44 50 52 
33 37 46 46 

64 56 50 42 
38 41 44 50 
36 32 47 39 
39.5 43.1 48.1 51.9 
f0.9 f3.0 fl.1 13.2 

> 0.1 > 0 . 3  

41.3 --- 51.6 --- 
io.9 --- it.9 --- 
>0.1 --- >G.05 - - -  

r 

r 
0 
21 w 
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contents, and CO, tensions were all within nor- 
mal limits both before and after treatment. Al- 
though the values for cerebral respiratory quotient 
both before and after treatment did not differ sig- 
nificantly from normal, therapy resulted in a sig- 
nificant increase from 0.89 to 0.98 (p  < 0.05). 
The reasons for this change are obscure. 

DISCUSSION 

The finding of the same cerebral oxygen con- 
sumption in this hyperthyroid group both before 
and after effective therapy, as well as the lack of 
a significant difference between this cerebral oxy- 
gen Consumption and that obtained from a normal 
group of comparable age and a normal group of 
young men, certainly suggests that cerebral metab- 
olism is unaltered in hyperthyroidism. This is in 
agreement with previous observations in this dis- 
ease (15-17, 19).  However, cerebral blood flow 
was found to be significantly elevated in our hy- 
perthyroid group whereas a normal cerebral blood 
flow was reported by Scheinberg (17). We are 
unable to explain this discrepancy. In our series, 
blood CO, tensions, oxygen saturations and pH,  
known regulators of cerebral circulation, were 
found to be normal whereas hemoglobin concen- 
tration was significantly reduced. In view of the 
significant correlation between hemoglobin con- 
centration and cerebral vascular resistance in un- 
treated hyperthyroidism, it appears that the ane- 
mia in our patients offers the best explanation for 
the low cerebral vascular resistance and, conse- 
quently, for the elevated cerebral blood flow. In 
the group studied by Scheinberg, anemia may not 
have been present, but absence of data on blood 
constituents precludes further speculation. 

The normal cerebral blood flow and CMRo, and 
the greater than normal incidence of a low arterial- 
cerebral venous oxygen difference found by Schein- 
berg led him to postulate an increased extra- 
cerebral contamination of cerebral venous blood 
in hyperthyroidism (17). If, however, the origi- 
nal nitrous oxide method is employed, inde- 
pendent criteria for the recognition of extra-cere- 
bra1 Contamination are made available (21). In- 
stead of drawing integrated arterial and internal 
jugular venous blood samples over the full ten 
minutes, as in Scheinberg’s modification, nitrous 
oxide concentration-time curves for arterial and 

internal jugular venous blood are constructed 
on the basis of a number of blood samples taken 
during the ten minute period. From these curves, 

‘‘ loo from zero time to the the value of 

end of each minute is calculated. When contami- 
nation is absent or insignificant, this function falls 
rapidly over the first seven minutes and then 
levels off, and its value over the full ten minutes 
is taken as the cerebral blood flow. If, on the 
other hand, the function continues to fall even at 
ten minutes, then Contamination is present, and 
the rate of fall is an indication of its degree. These 
criteria apply to contamination with extra-cerebral 
venous blood, the type most commonly encoun- 
tered. The remote possibility exists, however, 
that the contaminating blood may be “arterial- 
ized” as, for example, in case of arteriovenous 
shunts or unusually rapid blood flow through the 
extra-cerebral tissues. Any contamination of this 
type sufficient to affect significantly the calculated 
value obtained for cerebral blood flow would also 
noticeably alter the internal jugular nitrous oxide 
concentration-time curve. This curve would then 
rise more abruptly from zero, and the abrupt rise 
would be manifest in a disproportionately small 
integrated arterial-internal jugular nitrous oxide 
difference over the first minute. On the basis of 
these criteria, no greater evidence of either type 
of contamination was found among the hyper- 
thyroid patients than in the treated patients, or 
normal subjects. It appears, therefore, at least in 
our group, that the low arterial-cerebral venous 
oxygen difference in hyperthyroidism is simply 
the result of an elevated cerebral blood flow in the 
presence of a normal oxygen consumption. 

An explanation of the failure of the brain to 
participate in the increased total body metabolism 
in hyperthyroidism can at the present time be only 
speculative. Cerebral metabolism may be unaf- 
fected by the thyroid hormone because of an in- 
ability of the active principle to penetrate the 
blood-brain barrier. W e  are unaware, however, of 
any information concerning this problem. 

Scheinberg (17), supported by Fazekas (13), 
has postulated that the “cerebral metabolism nor- 
mally functions at close to its maximum rate and 
that a large part of the energy used by the brain 
goes to maintaining the structural and biochemical 

lo’ ( A  - V )  dt 
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organization of the brain.” Supposedly, therefore, 
hyperthyroidism could not be expected to cause 
a measurable increase in cerebral oxygen con- 
sumption above the normal level. This hypothe- 
sis is questionable, in view of the recent observa- 
tions of significantly elevated cerebral metabolic 
rates in response to infusions of synthetic I-epineph- 
rine (27) and in moderate muscular exercise (28). 

A more likely explanation for the normal oxy- 
gen consumption of the brain in hyperthyroidism is 
simply that the energy metabolism of the fully de- 
veloped brain is of such a nature as to render it 
independent of the action of the thyroid hormone. 
The uniqueness of the cerebral metabolism is al- 
ready indicated in the fact that the normal brain 
derives its energy almost exclusively from the 
utilization of carbohydrate (29, 30). Similarly, 
the testis, which is also believed to utilize only 
carbohydrate (31) , has a normal oxygen consump- 
tion in hyperthyroidism (6). It appears then 
that the thyroid hormone, whose exact function 
in intermediary metabolism is still unknown, does 
not measurably alter the metabolic processes of 
those tissues which consume carbohydrate for 
energy almost exclusively. On the other hand, 
Fazekas (13) has observed that in brain tissue 
in which protein metabolism must be significant 
(e.g., the developing rat cortex), the oxygen con- 
sumption rises more rapidly to the normal adult 
level in induced hyperthyroidism than in the nor- 
mal or hypothyroid states. Once fully developed 
to the adult level, however, when growth and pro- 
tein metabolism become less significant, the oxy- 
gen consumption was found to be the same in the 
normal, hypothyroid and hyperthyroid groups 
(13). Since the thyroid hormone does influence 
the development of the brain (13)) i.e., its struc- 
tural and enzymatic proteins, it is likely that it is 
also involved in the maintenance of these systems 
in the mature brain. This effect in the mature 
brain, however, may be normally not detectable 
because of the low turn-over rate of these protein 
systems compared to that of the carbohydrates. 
When the thyroid hormone is insufficient ade- 
quately to maintain these systems, as, for ex- 
ample, in myxedema, then secondarily, the energy 
producing carbohydrate metabolism may be im- 
paired and this reflected in a lowered cerebral 
oxygen consumption ( 14, IS). 

SUMMARY 

1. Studies of cerebral blood flow, cerebral vas- 
cular resistance, and cerebral oxygen consumption, 
as well as mean arterial blood pressure, hemoglo- 
bin concentration, blood gases, and blood pH, 
were made on eleven untreated hyperthyroid pa- 
tients and then repeated on seven following 
treatment. 

2. Cerebral oxygen consumption was entirely 
normal and was not significantly correlated with 
basal metabolic rate. 

3. Comparison with the results of similar stud- 
ies in normal individuals indicated a moderate ele- 
vation of cerebral blood flow in untreated hyper- 
thyroidism probably because of an associated ane- 
mia. Mean arterial blood pressure was normal, 
but cerebral vascular resistance was low for this 
age group. Except for the low oxygen contents 
associated with a moderate anemia, blood gases 
were found to be within normal limits. 

4. Treatment did not result in any significant 
changes except for the decrease of the basal meta- 
bolic rate to the normal level and an increase in 
the cerebral respiratory quotient. 

5. Possible explanations for the failure of the 
brain to participate in the elevated total body meta- 
bolic rate are discussed. I t  is suggested that the 
gross energy metabolism of the brain, as reflected 
by the oxygen utilization, may be independent of 
the action of the thyroid hormone. 
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